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1 Introduction 
The posterior temporal region is generally 
considered to be the "eloquent cortex" containing 
the primary auditory cortex and a receptive language 
center (Wernicke’s area). Functional monitoring or 
neurosurgical navigation for this area has not been 
established although somatosensory evoked 
magnetic fields (SEFs) have been already used to 
identify the central sulcus in the Rolandic region [1, 
2]. Since major deflections at about 20 msec after 
the stimulus (N20) in somatosensory evoked 
potentials (SEPs) are quite stable under general 
anesthesia, they have been commonly used for the 
intraoperative functional mapping of the primary 
somatosensory cortex. 
Since the primary auditory cortex commonly locates 
near the sensory language cortex in the dominant 
hemisphere, a localization of the cortical auditory 
function would be useful for monitoring the 
language functions of the temporal lobe. Auditory 
evoked potentials (AEPs) have been analyzed in 
response to tones, vowels, synthesized words, and 
other types of acoustic stimuli and the most 
prominent AEPs are observed at about 100 msec 
after auditory stimuli (N100). It has been expected 
that the N100 might reflect not only the auditory 
function but also the sensory language function, 
since amplitudes of the N100 are changed, 
depending upon cognitive paradigms.  
MEG is a potentially powerful tool to localize the 
brain function with some advantage over EEG, and 
has been applied to estimate neurological 
impairment in cerebral infarction by measuring 
somatosensory and auditory evoked magnetic fields 
(SEFs and AEFs) [3,4]. Makela et al found that 
N100m amplitudes of AEFs in the damaged 
hemisphere were significantly smaller than those of 
the unaffected hemisphere and stressed AEFs might 
be useful in clinical studies of auditory cortical 
functions.   
The N100 (m) is hardly observed under general 
anesthesia and has never been used in the 

intraoperative functional monitoring. Kuriki et al 
observed distinct components of AEFs at about 10, 
18 and 30 msec after click stimulus and they 
suggested that these early responses directly reflect 
the primary auditory function. We expected that the 
early responses of auditory evoked potentials 
(fields) (EAEP(F)) could be observed even under 
general anesthesia, like the N20(m) of SEP(F)s.  
In this study, we recorded EAEF and projected 
estimated EAEF dipoles to make a functional 
neurosurgical simulation of the auditory cortex. 

2 Subjects and methods 
2.1 Subjects  
Studies were performed on 6 patients who would 
undergo a frontotemporal craniotomy to clip an 
intracranial aneurysm, which was incidentally 
discovered. The age range was 37 to 61 years (50.1 
(mean) ± 8.1  (SD) years). An age-matched control 
group consisted of 6 subjects (50.6 ± 11.2 years) 
also participated in the study. Each patient and 
control subject had no history of cerebral events or 
abnormality in MRI. Written informed consent was 
obtained from every patient and subject before 
participation in the study. 

2.2 AEPs and AEFs  

AEFs were measured with a sampling rate of 2000 
Hz by a 204-channel MEG system (VectorView, 
Neuromag, Finland). A program named STIM 
(NeuroScan, Virginia, USA) generated monoaural 
clicks with 90 dB of sound pressure level and 0.6 
msec in duration. The clicks had a rise time of 0.6 
msec and were delivered separately to the left or 
right ear via air tubes and inserts. The interstimulus 
intervals were randomized in the range from 105 to 
120 msec. The simultaneous AEP with an active 
electrode at the Cz or on the temporal region and a 
reference electrode at the contralateral ear to the 
auditory stimuli or at the nasion (Fig. 1).  
 
 



Figure1: Positions of two pairs of active and 
reference electrodes (  and ). 

The AEF recordings included a 50 msec prestimulus 
baseline and 50 msec analysis period following 
stimulus delivery. Six thousand epochs of the AEFs 
were averaged and digitally filtered between 10 -300 
Hz. Each deflection of EAEF was visually identified 
for the root-mean-squared (RMS) fields of more 
than 10 sensors that showed a current-dipole pattern 
on the isofield map. Equivalent current dipoles 
(ECDs) were calculated using a single current dipole 
model and only the ECDs having a minimum 
correlation value exceeding more than 0.85 between 
the measured and the calculated fields were 
accepted. 

2.3 Brain-surface MRI  
Three-dimensional T1-weighted MR images were 
obtained using a whole body 1.5-tesla MR system 
(Signa Lx HiSpeed; General Electric, Milwaukee, 
WI). The image data consisted of 124 sequential 
1.8-mm-thick axial slices with a resolution of 256 x 
256 pixels on a field of view of 250-x 250-mm. The 
MR imaging data were digitally transferred to a 
graphic workstation and we registered three 
fiduciary points (nasion, bilateral preauricular 
points) on the MRI data to transform a coordinate 
system of MRI to that of MEG. Only brain signals 
were semi-automatically extracted using equipped 
software on the MEG system. The extracted MR 
data including the ECDs were three-dimensionally 
reconstructed and rotated with any angle of interest. 
The ECDs were projected on the brain surface of 
MRI.   

2.4 Intraoperative AEPs recording  
Propofol, sevoflurane and nitrous oxide were used 
for general anesthesia and the seborurane was 
temporally stopped from 10 minutes before the 
recording of cortical AEPs. We confirmed the N20 
on the cortical SEPs and moved the electrodes on 
the superior temporal gyrus and other areas around 
Sylvian fissure, comparing sulcul and gyrul patterns 
of the operative field and the brain surface MR 
images. Cortical AEPs were recorded by delivering 
the same auditory stimuli as the AEFs'  

3 Results 
3.1 Deflections  
All 6 controls and 5 of 6 patients demonstrated three 
obvious deflections on the simultaneous AEPs. The 
deflections were typically seen at approximately 25 
msec (N25) and 40 msec (P40) after the stimulus 
onset. One patient showed no clear deflection 
although he had no abnormality on MRI.  
The AEF revealed three representative deflections of 
M15 (12-18 ms), N25m (19 - 28 ms) and P40m (35 - 
45 ms) (Fig3). Isofield maps showed a clear a 
current-dipole pattern in the right hemisphere (Fig. 
3a, b).  

 

Figure 2; Simultaneous AEPs during the AEFs 
measurement. 

 
 
 

 
 
 
 
 



 
Figure 3: a) AEF and b) isofield maps. a) Red and 
blue lines indicate original MEG wave and RMS 
fields of ten selected channels.  

3.2 ECD locations  
All ECDs were observed in the Heschel's gyrus. 
M15- and N25m-ECDs showed a downward 
direction and P40m-ECDs revealed an upward 
direction (Fig. 4). Mean ECD moments of the 
N15m, N25m and P40m were 1.3 ± 2.4 and 2.4 ± 
2.7 and 5.4 ± 3.3 nAm, respectively. The M15- and 
N25m-ECDs were projected on the superior 
temporal region (Fig. 4d).  

 

Figure 4: Localized ECDs of M15, N25m and P40m 
on MRI.  

3.3 Intraoperative findings  
During surgery we identified the major sulci such as 
Sylvian fissure and superior temporal sulcus, on the 
basis of the brain surface MR images and placed 
four electrodes mainly on the region where the 
projected N15m- and N25m-ECDs were included 
(Fig. 5a). 
Intraoperative cortical AEP could detect three 
representative deflections in 5 of 6 patients Fig.5 
shows the recorded AEPs for the same subject in 
Fig, 4. The electrode No.2 detected obvious 
deflections, which might correspond to M15 and 
N25 in addition to the Vth wave of ABR. The 
cortical area of No.2 electrode was considered to lie 
at the nearest AEP source location. The location of 
the AEP source on the brain surface was in beautiful 
agreement with the projected AEF source positions 
on the superior temporal gyrus (Fig. 5).  

 
Figure 5 a) A brain surface MR image including the 
N15m- and N25m-ECDs. b) An operative field 
showing electrodes mainly placed mainly on the 
superior temporal gyrus. c) Intraoperative 
recordings of the cortical AEPs. 

4 Discussion 
Using a click sound with a short rise-time of 0.6 ms 
and a high sampling rate (2000 Hz), we could record 
EAEF responses peaking at 12-18 ms (M15) and 19 
- 28 ms (N25m). The predicted relationship was 
confirmed by intraoperative inspection of the brain 
surface, supplemented by cortical AEP recordings. 
Our results demonstrated a functional neurosurgical 
simulation for auditory cortex, which is close to 
Wernicke’s area by measuring EAEFs. 
Kuriki et al observed distinct components at 11 
(M11), 19 (M19) and 33 (M33) msec after click 
stimulus. ECD of these components are located in 
the auditory cortex in the supratemporal region. 



Since the direction of the magnetic field over the 
skull was identical in the M10/19 and M15/P25m of 
our results, we believe these early components 
might be the earliest cortical response of the 
auditory cortex. Dipole moments of M15 and N25m 
(1.3 and 2.4 nAm) were much smaller than that of 
typical N100m (40 - 60 nAm). It is, therefore 
important to know the dipole directions of AEFs and 
the polarities of AEPs to identify the peaks of 
EAEF(P).  
Since the cortical AEPs could detect N15 and N25 
under general anesthesia, the early responses of 
AEPs and AEFs might be good functional indicators 
for primary auditory cortex and neighboring areas 
such as the Wernicke's area.  
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